MULTI-AXIS LASER MACHINE, METHOD FOR MACHINING WITH 
THE SAME, AND RECORDING MEDIUM RECORDING COMPUTER 
PROGRAM FOR CONTROLLING THE SAME 
Background of the Invention 
[0001] The present invention relates to a so-called multi-axis laser 
machine in which a laser beam outputted from one laser oscillator is 
supplied to a plurality of machining heads, and the laser beam is positioned 
for each machining head to machine a subject to be machined, a method for 
machining with the laser machine, and a recording medium recording a 
computer program for controlling the laser machine. 
[0002] For example, a two-axis laser machine in the background art 
having two machining heads is provided with two laser oscillators, and 
optical paths from the laser oscillators to a final subject to be machined are 
provided. In the two-axis laser machine configured thus, each axis can be 
controlled substantially independently. Thus, the efficiency in machining 
is approximately twice as high as that of a one-axis laser machine. 
However, the equipment cost and the maintenance cost are increased 
because the two laser oscillators are used. 

[0003] There is another two-axis laser machine in which a laser beam 
outputted from one laser oscillator is made to branch into two optical paths 
by means of a half mirror. In the two-axis laser machine configured thus, 
the equipment cost can be reduced in comparison with the aforementioned 
one. 

[0004] However, since the laser beams of the two optical paths are 
supplied concurrently, the operations of laser positioning units for the two 
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optical paths have to be finished before the laser beams are supplied. That 
is, one optical path positioned earlier has to wait for the other optical path 
to be positioned. Therefore, it cannot be said that the machining efficiency 
is improved. 

[0005] According to the invention disclosed in JP-A-2000-263271, 
therefore, a two-axis laser machine is designed so that a laser beam 
outputted from one laser oscillator is deflected in two directions with 
deflection devices (acousto-optic devices). In the two-axis laser machine 
configured thus, it is claimed that not only can the equipment unit cost be 
reduced, but the operating rate of the laser oscillator can be also improved. 
[0006] However, in the invention disclosed in JP-A-2000-263271, it is 
assumed that all the optical paths have an equal laser positioning time and 
an equal laser output time. 

[0007] Generally, in most cases, the machining position in one optical 
path differs from that in the other optical path. Therefore, the maximum 
value of the time required for positioning has to be set as the positioning 
time. Thus, it cannot be said that the working efficiency is improved. 

Summary of the Invention 

[0008] To solve the foregoing problems in the background art, it is an 
object of the present invention to provide a multi-axis laser machine in 
which the working efficiency can be improved even when machining 
positions in respective optical paths differ from one another, a method for 
machining with the laser machine, and a recording medium recording a 
control program for machining with the laser machine. 
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[0009] In order to attain the foregoing objects, a multi-axis laser machine 
according to the present invention includes a laser oscillator for outputting a 
laser beam, a deflection unit for switching a plurality of optical paths for the 
laser beam, and laser positioning units disposed on the optical paths 
respectively, the number of the laser positioning units being equal to the 
number of the optical paths. The laser beam is supplied to any one of the 
laser positioning units to thereby perform machining. The laser machine 
further includes an arbitration unit for controlling the laser positioning 
units independently of one another, supplying the laser beam to one of the 
laser positioning units which has finished positioning, and supplying the 
laser beam to a plurality of laser positioning units in a predetermined 
sequence when the laser positioning units finish positioning simultaneously. 
[0010] In addition, in machining with the multi-axis laser machine, the 
laser positioning units are controlled independently of one another. As 
soon as one of the laser positioning units finishes positioning, the laser 
beam is supplied to the laser positipning unit finishing positioning. When a 
plurality of laser positioning units finish positioning simultaneously, the 
laser beam is supplied to the laser positioning units in a predetermined 
sequence. 

[0011] Such a control can be designed to allow a computer to execute a 
computer program including the steps of: controlling the laser positioning 
units independently of one another; supplying the laser beam to one of the 
laser positioning units as soon as the laser positioning unit finishes 
positioning; and supplying the laser beam to a plurality of laser positioning 
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units in a predetermined sequence when the laser positioning units finish 
positioning simultaneously. 

[0012] In that event, for example, the program data can be downloaded 
for use from a server through a network, or from CD-ROM or various 
memory cards through a recording medium drive unit. 
[0013] According to the present invention, even if the machining 
positions of the respective axes are different from one another, the wait time 
can be minimized so that the machining efficiency can be improved. 

Brief Description of the Drawings 

[0014] These and other features, objects and advantages of the present 
invention will become more apparent from the following description when 
taken in conjunction with the accompanying drawings wherein: 
[0015] Fig. 1 is a configuration diagram of a laser machine according to 
an embodiment of the present invention; 

[0016] Fig. 2 is a flow chart showing the operation of a laser positioning 

unit according to the embodiment of the present invention; 

[0017] Fig. 3 is a flow chart showing the operation of an arbitration unit 

according to the embodiment of the present invention; 

[0018] Fig. 4 is a configuration diagram of a laser machine showing a 

modification of the embodiment of the present invention; and 

[0019] Fig. 5 is a time chart of the operation in the modification of the 

embodiment of the present invention. 
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Detailed Description of Preferred Embodiments 

[0020] Embodiments of the present invention will be described below 
with reference to the drawings. 

[0021] Fig. 1 is a configuration diagram of a two-axis laser machine 
according to an embodiment of the present invention. 
[0022] A laser controller 2 controls the output of a laser oscillator 1 in 
accordance with a signal from an arbitration unit 5. An acousto-optic 
modulator (hereinafter referred to as "AOM") 4 is disposed on an optical 
path (shown by the broken line in Fig. 1) of a laser beam 3 to be outputted 
from the laser oscillator 1. In response to a control signal supplied from the 
arbitration unit 5, the AOM 4 deflects the incident laser beam 3 at an angle 
D. Otherwise the AOM 4 transmits the laser beam 3 as it is. (The 
transmitted laser beam 3 will be referred to as "laser beam 3a", and the 
deflection-side laser beam 3, that is, the laser beam 3 deflected at an angle 0 
will be referred to as "laser beam 3b".) 

[0023] A laser positioning unit 6a retained in a first axis Jl is disposed 
on the optical path of the laser beam 3a. On the other hand, a laser 
positioning unit 6b retained in a second axis J2 is disposed on the optical 
path of the laser beam 3b. The laser positioning units 6a and 6b are 
connected to the arbitration unit 5 and an NC unit 7. A subject to be 
machined 8 is fixed on a unit 9 for positioning a subject to be machined. 
[0024] Next, the operation of each part will be described. 
[0025] Fig. 2 is a flow chart showing the operation of the laser positioning 
unit 6a (that is, the axis Jl). 
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[0026] When a not-shown start button is turned on, the laser positioning 
unit 6a identifies the coordinates of a portion to be machined instructed by 
the NC unit 7 (Step S100). When there is a subsequent portion to be 
machined, the laser positioning unit 6a performs the processing of Step 
SI 10. Otherwise the laser positioning unit 6a supplies a machining 
completion signal to the NC unit 7 (Step Si 40), and then terminates the 
routine of processing. In Step Si 10, a not-shown mechanism portion of the 
laser positioning unit 6a is operated to position the optical path of the laser 
beam 3a. When the positioning is terminated, a positioning end signal is 
supplied to the arbitration unit 5 (Step S120). Then, the laser positioning 
unit 6a waits to receive a laser output completion signal outputted from the 
arbitration unit 5 (Step Si 30). Receiving the laser output completion 
signal, the laser positioning unit 6a performs the processing of Step S100. 
[0027] The laser positioning unit 6b (that is, the axis J2) performs the 
processing of Steps Si 00 to Si 40 in the same manner as the laser 
positioning unit 6a. Incidentally, the laser positioning units 6a and 6b 
perform the processing of Steps Si 00 to Si 40 independently of each other. 
[0028] Fig. 3 is a flow chart showing the operation of the arbitration unit 
5. 

[0029] When a not-shown start button is turned on, the arbitration unit 5 
confirms whether the laser positioning unit 6a has finished positioning or 
not (Step S300). When the laser positioning unit 6a has finished 
positioning, the arbitration unit 5 performs the processing of Step S3 10. 
Otherwise the arbitration unit 5 performs the processing of Step S330. In 
Step S3 10, the arbitration unit 5 gives the laser controller 2 an instruction 
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to output the laser beam 3 and perform irradiation with the laser beam 3 a 
predetermined number of times. Then, when the irradiation of the laser 
beam 3 is completed, the arbitration unit 5 supplies a laser output 
completion signal to the laser positioning unit 6a (Step S320), and performs 
the processing of Step S300. 

[0030] On the other hand, in Step S330, the arbitration unit 5 confirms 
whether the laser positioning unit 6b has finished positioning or not. When 
the laser positioning unit 6b has finished positioning, the arbitration unit 5 
performs the processing of Step S340. Otherwise the arbitration unit 5 
performs the processing of Step S300. In Step S340, the arbitration unit 5 
turns on the AOM 4, and then gives the laser controller 2 an instruction to 
output the laser beam 3 and perform irradiation with the laser beam 3 a 
predetermined number of times (Step S350). Then, when the irradiation 
with the laser beam 3 is completed, the arbitration unit 5 supplies a laser 
output completion signal to the laser positioning unit 6b (Step S360). After 
that, the arbitration unit 5 turns off the AOM 4 (Step S370) and performs 
the processing of Step S300. 

[0031] The procedures of the laser positioning units 6a and 6b and the 
procedure of the arbitration unit 5 are executed by CPUs provided in those 
units in accordance with programs stored in ROMs provided in those units 
and by use of RAMs provided in those units as work areas, respectively. 
[0032] Next, the operation of the machine as a whole will be described. 
[0033] When a not-shown start button is turned on, the NC unit 7 gives 
instructions of machining positions to the laser positioning units 6a and 6b 
respectively. The laser positioning units 6a and 6b receiving the 
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instructions position the optical paths of the laser beams 3a and 3b in the 
machining positions on the subject to be machined 8 based on the data 
instructed by the NC unit 7, respectively. When the positioning is 
terminated, the laser positioning units 6a and 6b output positioning end 
signals to the arbitration unit 5 respectively. 

[0034] For example, assume that the positioning of the laser positioning 
unit 6a is terminated prior to the positioning of the laser positioning unit 
6b. The arbitration unit 5 receiving a positioning end signal from the laser 
positioning unit 6a operates the laser controller 2 so as to allow the laser 
oscillator 1 to output the laser beam 3. Since the AOM 4 is off, the laser 
beam 3a is put into the laser positioning unit 6a, and the machining position 
on the subject to be machined 8 is irradiated with the laser beam 3a. When 
the irradiation with the laser beam 3a is completed, the laser positioning 
unit 6a receiving a laser output completion signal from the arbitration unit 
5 starts the operation for positioning the optical path of the laser beam 3a in 
the next machining position. 

[0035] Next, assume that the positioning of the laser positioning unit 6b 
is terminated (while the laser positioning unit 6a is busy with positioning). 
The arbitration unit 5 receiving a positioning end signal from the laser 
positioning unit 6b turns on the AOM 4, and then operates the laser 
controller 2 so as to allow the laser oscillator 1 to output the laser beam 3. 
Since the AOM 4 is on, the laser beam 3b is put into the laser positioning 
unit 6b, and the machining position on the subject to be machined 8 is 
irradiated with the laser beam 3b. When the irradiation with the laser 
beam 3b is completed, the laser positioning unit 6b receiving a laser output 
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completion signal from the arbitration unit 5 starts the operation for 
positioning the optical path of the laser beam 3b in the next machining 
position. Subsequently, the aforementioned operation is repeated till 
machining is completed. 

[0036] Incidentally, as is apparent from the aforementioned flow chart, 
when one of the laser positioning units 6a and 6b finishes positioning while 
the other is busy with machining, the former has to wait till the latter 
finishes the machining. In addition, when both the laser positioning units 
6a and 6b finish positioning simultaneously, the laser positioning unit 6a 
(that is, the axis Jl) is given priority. 

[0037] In such a manner, the laser beam 3 is supplied to one of the axes 
whose optical path has been positioned. Thus, the operating rate of the 
laser oscillator can be improved. 

[0038] In this embodiment, the pulse form of the laser beam 3a, 3b 
emitted onto a subject to be machined is substantially the same as the pulse 
form of the laser beam 3 outputted from the laser oscillator 1. As will be 
described later, the intensity of the laser beam 3 is not constant. 
Therefore, for example, pulse shapers may be disposed between the AOM 4 
and the laser positioning unit 6a and between the AOM 4 and the laser 
positioning unit 6b respectively so that the intensity of the laser beam 3 can 
be controlled. With such a configuration, the machining quality or the 
machined shape can be improved. 

[0039] Fig. 4 is a configuration diagram of a laser machine showing a 
modification of the present invention. In Fig. 4, parts the same as or 
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having the same functions as those in Fig. 1 are denoted by the same 
reference numerals correspondingly, and their description will be omitted. 
[0040] A pulse shaper (AOM here) 10 is disposed at the rear of the AOM 
4 on the optical path of the laser beam 3, and a laser stopper 11 is disposed 
at the rear of the AOM 10. The AOM 10 is connected to the arbitration 
unit 5. The laser positioning unit 6a is disposed on the deflection side of 
the AOM 10, while the laser positioning unit 6b is disposed on the deflection 
side of the AOM 4. 

[0041] Next, the operation of this embodiment will be described. 
[0042] Fig. 5 is a time chart of the operation in this embodiment. 
Incidentally, when there is no special instruction, the AOMs 4 and 10 are 
off. 

[0043] For example, assume that the positioning of the laser positioning 
unit 6a is terminated prior to the positioning of the laser positioning unit 6b 
(time TO). The arbitration unit 5 receiving a positioning end signal from 
the laser positioning unit 6a operates the laser controller 2 so as to allow the 
laser oscillator 1 to output the laser beam 3. At the same time, the 
arbitration unit 5 starts to measure lapsed time t. Since the AOMs 4 and 
10 are off, the laser beam 3 is passed through the AOMs 4 and 10 and put 
into the laser stopper 11. As soon as the lapsed time t reaches time tl 
required for the intensity of the laser beam 3 to be substantially constant 
(time Tl), the arbitration unit 5 turns on the AOM 10. As a result, the 
laser beam 3 is positioned by the laser positioning unit 6a so as to enter a 
portion to be machined. When irradiation time t2 has passed since the 
time Tl (time T2), the arbitration unit 5 turns off the AOM 10. 
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Subsequently, in the same manner, irradiation with the laser beam 3 is 
repeated a specified number of times. When irradiation with the laser 
beam 3 is completed thus, the laser positioning unit 6a starts the operation 
for positioning the optical path of the laser beam 3a in the next machining 
position. 

[0044] Next, assume that the positioning of the laser positioning unit 6b 
is terminated (while the laser positioning unit 6a is busy with positioning) 
(time T3). The arbitration unit 5 receiving a positioning end signal from 
the laser positioning unit 6b operates the laser controller 2 so as to allow the 
laser oscillator 1 to output the laser beam 3. The laser beam 3 is passed 
through the AOMs 4 and 10 and put into the laser stopper 11. As soon as 
the lapsed time t reaches the time tl (time T4), the arbitration unit 5 turns 
on the AOM 4. As a result, the laser beam 3 is positioned by the laser 
positioning unit 6b so as to enter a portion to be machined. When the 
irradiation time t2 has passed since the time T4 (time T5), the arbitration 
unit 5 turns off the AOM 4. Subsequently, in the same manner, irradiation 
with the laser beam 3 is repeated a specified number of times. When 
irradiation with the laser beam 3b is completed thus, the laser positioning 
unit 6b starts the operation for positioning the optical path of the laser 
beam 3b in the next machining position. 

[0045] The aforementioned operation is repeated till machining is 
completed. 

[0046] In such a manner, the laser beam 3 having substantially constant 
intensity is supplied to each portion to be machined. Thus, the machining 
quality becomes uniform. 
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[0047] Incidentally, description has been made on a two-axis laser 
machine having two machining heads. However, not to say, the number of 
machining heads can be further increased as described above. 
[0048] With such processing, laser positioning units disposed in 
respective axes are operated independently of each other, and a laser beam 
is supplied to one of the axes whose optical path has been positioned. Thus, 
even when the machining positions of the respective axes are different from 
each other, the wait time can be minimized so that the machining efficiency 
can be improved. 

[0049] While we have shown and described several embodiments in 
accordance with our invention, it should be understood that disclosed 
embodiments are susceptible of changes and modifications without 
departing from the scope of the invention. Therefore, we do not intend to 
be bound by the details shown and described herein but intend to cover all 
such changes and modifications a fall within the ambit of the appended 
claims. 
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